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STRESS-CORROSION  CRACKING  OF  HIGH-STRENGTH 
STAINLESS  STEELS  IN 
ATMOSPHERIC  ENVIRONMENTS 


SUMMARY 


The  application  of  high-strength  steels  in  the  construction  of  aircraft 
and  missiles  has  created  a  further  demand  for  information  on  the  stress- 
corrosion  properties  of  such  steels.  Several  experimental  programs  de¬ 
signed  to  develop  such  data  have  been  in  progress  for  the  last  few  years. 

In  this  report,  the  available  information  on  the  stress-corrosion  cracking 
of  the  high-strength  stainless  steels  has  been  assembled  and  tabulated  ac¬ 
cording  to  alloy  type  and  to  the  environments  to  which  they  were  exposed. 
The  stainless  steels,  for  which  some  data  are  a*. ailable,  include  the  cold- 
rolled  austenitic s,  the  martensitic  grades,  the  martensitic  precipitation- 
hardenable  grades,  and  the  semiaustenitic  precipitation  hardenable  grades. 
Exposures  were  in  the  marine  atmosphere  at  Kure  Beach,  outdoors  at  sev¬ 
eral  semiindustrial  locations,  and  in  several  laboratory  test  environments. 
Data  on  the  chemical  analyses,  heat  treatments,  and  mechanical  properties 
of  the  test  materials  are  included. 

All  of  the  data  compiled  in  this  report  were  obtained  on  bent-beam 
specimens  stressed  below  the  yield  point. 

Many  factors  are  known  to  influence  the  stress-corrosion  cracking  of 
metals.  These  include  composition  of  the  alloy,  heat  treatment,  metallur¬ 
gical  structure,  preparation  of  the  test  specimens,  stress  levels,  and  the 
environmental  conditions.  Insufficient  data  have  been  accumulated  to 
permit  quantitative  comparisons  of  the  alloys  discussed  in  this  report,  and 
much  of  the  information  is  considered  preliminary  because  the  tests  are 
still  in  progress;  however,  tentative  conclusions  can  be  made  about  the  uti¬ 
lization  of  these  steels.  The  compiled  data  also  indicate  where  additional 
testing  and  refinements  in  the  procedures  are  needed  ♦o  get  more  reproduc¬ 
ible  and  reliable  results. 

Cold-worked  and  stress-relieved  austenitic  stainless  steels  such  as 
AISI  301  have  shown  excellent  resistance  to  stress-corrosion  cracking  in 
both  marine  and  labor atory-type  exposures.  This  is  true  on  specimens 
stressed  to  over  ZOO, 000  psi.  The  good  performance  is  attributed  to  the 
fact  that  high  strength  is  developed  by  mechanical  working,  r  it  her  than  by 
heat  treatments. 

In  the  17-7  PH  and  PH  15-7  Mo  tests  also,  the  most  resistant  speci¬ 
mens  were  those  in  the  CH  900  condition;  that  is,  the  cold-rolled  and  tem¬ 
pered  structure.  These  alloys  in  the  other  conditions  were  shown  to  be 


suse»»pjjf»,~  to  stress  -  corrosion  cracking  Jo  a  marine  atmosphere  when 
stressed  to  over  50  per  cent  of  the  yield  strength.  However.  susCcptiuPity 
was  not  related  solely  to  the  strength  of  the  alloy  hut  was  also  determined 
by  the  heat  treatment  used  to  develop  the  properties.  In  general,  the  heat 
treatments  that  developed  the  strongest  alloys  also  resulted  in  greater 

susceptibility  to  stress- cor r. _ ion  cracking.  For  both  alloys,  in  certain 

cases,  there  were  large  differences  in  exposure  times  between  tnose  speci¬ 
mens  that  failed  and  those  that  did  not  fail.  No  failures  were  reported  on 
these  alloys  (17-7  PH  and  PH  15-7  Mo)  exposed  to  semiindos trial 
atmospheres . 

The  data  for  AM  350  and  AM  355  are  not  very  extensivS.  The  CRT 
and  SCCRT  conditions  developed  very  high  strengths,  and  immunity  from 
cracking  at  Kure  3 each  was  obtained  only  on  specimens  stressed  to  less 
than  50  per  cent  of  their  yield  strength-  In  the  salt-spray  exposure,  speci¬ 
mens  cut  transverse  to  the  rolling  direction  —ere  strongly  susceptible, 
whereas  those  cut  longitudinally  did  not  crack-  More  work  is  needed  on  this 
point-  The  SCT  S50  condition  was  shown  to  be  mot-:  susceptible  to  cracking 
than  was  the  CRT  350  condition  in  the  atmospheric  exposure  tests .  Differ¬ 
ences  were  also  -.oced  in  results  on  different  heats  in  the  CRT  850  condition. 
Perhaps,  the  two  CRT  350  conditions  did  not  have  equal  amounts  of  cold 
reduction- 

Kc*  data  are  given  for  17-4  PH  in  sheet  form  exposed  for  almost  a 
year  at  Kure  Beach-  No  failures  occurred  specimens  in  the  H  900  con¬ 
dition  (yield  strength  180.  OGO  psi)  stressed  up  to  90  per  cent  of  the  yield 
strength.  Welded  specimens  in  the  H  900  condition  failed,  and  a  solution 
heat  treat  nent  following  the  welding  did  not  completely  retire  the  immunity 
to  stress-corrosion  cracking.  Specimens  aged  at  1025  F  or  higher  have  not 
failed.  The  tests  are  still  in  progres  ' .  and  more  data  sb-*ald  be  forthcoming. 

Alloys  12  MoV  and  Stainless  Vf  were  ; e ported  to  be  quite  susceptible 
ts  stress -cor fusion  cracking,  wiln  the  latter  being  slightly  superior.  Higher 
tempering  temperatures  for  12  MoV  reduced  the  susceptibility  to  c~ack:ng, 
at  the  same  time  causing  a  considerable  reduction  in  the  strength  cf  the 
alloy. 


INTRODUCTION 


The  general  features  of  stress-corrosion  cracking  were  summarizea 
in  a  recent  DMIC  report^)-  to  provide  a  background  for  materials  and  design 
engineers  and  for  others  involved  in  the  use  of  high-strength  steels.  Alloys 
in  many  sieuil  systems,  both  ferrous  and  nonferrous,  are  susceptible  to 
stress-corrosion  cracking  in  specific  environments.  Tins  does  not  neces¬ 
sarily  prevent  the  use  of  such  metals  and  alloys  but  indicates  that  certain 
precautions  should  be  taken  to  avoid  failures  in  service.  The  successful 
utilization  of  any  metal  is  dependent,  therefore,  on  adequate  consideration 
of  stress-corrosion  properties,  as  well  as  of  its  other  properties.  This  is 
particiilariy  true  for  the  high-strength  steels  in  aircraft  and  missile 
applications. 


The  factors  that  influence  or  contribute  to  stress-corrosion  cracking 
may  arise  ir.  any  or  all  of  the  steps  and  sequences  that  the  metal  encounters 
in  being  converted  trom  its  original  to  its  final  form.  Heat  treatment, 
quenching,  fabrication,  welding  and  other  assembly  operations,  surface  fin¬ 
ishing,  and  other  production  steps  may  affect  either  the  metallurgical  struc¬ 
ture  and  mechanical  properties  of  the  alloy,  or  result  in  the  development  of 
harmful  residual  stresses  in  the  finished  product.  The  alloys  are  exposed 
to  a  variety  of  conditions  during  these  operations,  and  it  is  important  to  con- 
s.dcr  what  their  effect  will  be  on  the  stress-corrosion-cracking  properties 
of  the  materials.  Then  there  are  the  conditions  prevailing  during  trans¬ 
portation  and  storage  of  the  finished  aircraft  or  missiles.  Careless  handling 
may  result  in  deformation  or  surface  damage  which  aggravates  stress- 
corrosion  cracking  of  susceptible  materials  by  introducing  additional  stresses 
and  providing  sites  for  the  start  of  corrosion.  Finally,  aircraft  and  missiles 
ore  subjected  to  a  variety  of  environments  in  operation.  Exposure  to  cyclic 
wetting  and  drying,  in  humid  or  salt  air  locations,  and  long-time  underground 
storage  are  examples  of  possible  harmlul  conditions  for  susceptible 
materials. 


The  increasing  use  of  the  high-strength  steels  in  the  construction  vi 
aircraft  and  missiles  within  the  past  few  years  resulted  in  the  initiation  of 
several  test  programs  designed  to  provide  data  on  the  s -res s -corrosion  sus¬ 
ceptibility  of  such  steels.  The  steels  of  interest  in  the  high-strength  cate¬ 
gory  may  be  classified  as 

{1}  Stainless  steels 

(2)  Hot-work  die  steels 

(3)  Low-alloy  engineering  steels. 

The  first  of  these  may  be  broken  down  further  to  include  the  martensitic 
stainless  steels,  the  martensitic  and  semi  austenitic  precipitation  hardenable 
stainless  steels,  and  the  cold-rolled  austenitic  stainless  steels.  Some  data 
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on  strcss-<c'rro>:o a  cracking  have  become  available  as  a  result  of  the  test 
programs  mentioned  above,  but  not  all  cl  this  information  been  publish.- <1 
in  tha  Jvchdca:  journals,  furthermore,  ditferences  in  materials  and  xn  de¬ 
tails  of  the  tests  make  evaluation  of  scattered  data  difficult. 

The  purpose  of  this  report  is  to  present  a  compilation  of  data  accumu¬ 
lated  on  the  stress- corrosion  cracking  of  high-strength  stainless  steels  in 
laboratory  and  atmospheric  environments.  Also,  information  concerning 
heat  treatments,  mechanical  properties,  and  test  procedures  is  included. 

It  is  not  always  possiole  to  make  unqualified,  quantitative  comparisons 
where  so  many  factors  may  :n£hxence  test  results .  3  he  data  tabulated  in 

this  report,  therefore,  are  intended  to  help  in  the  selection  of  materials 
for  use  in  aircraft  and  missile  applications  rather  than  to  predict  the  per¬ 
formance  of  the  materials  under  service  conditions.  The  data  were  assem¬ 
bled  from  tests  conducted  by  the  U.  S.  Steel  Corporation,  Arraco  Steel 
Corporation,  Allegheny  Ludlum  Steel  Corporation,  and  the  North  American 
Aviation  Corporation  at  Los  Angeles.  Some  of  these  tests  are  still  in  prog¬ 
ress,  and  additional  data  from  these  and  other  test  programs  could  be  in¬ 
cluded  in  supplements  to  this  report  to  bring  the  information  ut>  to  date. 


EXPERIMENTAL  DETAILS 


Materials  Tested 


Twelve  stainless  steels  of  four  types  were  investigated: 

{1}  Martensitic 

USS  !2  MoV 

{2}  M^ricnskic  precipitation  hardenablc 
_____ 

Stainless  V/ 

(5)  Semiaustenitic  precipitation  hardenablc 
______ 

FH  13-7  Mo 
AM  350 
AM  355 

{A)  Cold-rolled  austenitic 
AISI  30! 

AISI  20: 

AISI  2G2 
USS  Tendon 
USS  17-5  MnY 
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Method  of  Stressing 

All  of  the  results  recorded  in  this  report  were  obtained  on  bent-beam 
specimens.  U.  S.  Steel  and  Armco  used  a  rigid  stainless  steel  bar  ■with 
slots  machined  in  it,  spaced  for  either  a  4-  or  7-inch  span.  Specimens  cut 
to  some  length  greater  than  the  span  between  the  slots  can  be  stressed  by 
placing  one  end  in  one  of  the  slots  and  bending  into  a  simple  arc  just  enough 
to  slide  the  other  end  in  the  opposite  slot  (see  Figure  la).  The  exact  speci¬ 
men  length  needed  to  produce  the  desired  tensile  stress  in  the  outer  libers 
at  the  middle  of  the  specimen  is  determined  from  a  relationship  between  the 
strain,  the  specimen  length  and  thickness,  and  the  span  between  the  slots  in 
the  specimen  holder. 

North  American  Aviation  used  (se  same  principle,  but  tie  nature  con¬ 
sisted  of  n»o  slotted  blocks  of  an  epo:c»-gIass  laminate  held  in  place  by  a  bolt 
and  nut.  The  desired  stress  level  was  obtained  on  one  specimen  of  each 
group  by  adjusting  the  distance  between  the  end  blocks  with  the  bolt  and  nut. 
The  strain  on  the  bent  specimen  was  determined  from  strain-gage  measure¬ 
ments.  Then  the  deflection  of  the  specimen  was  measured,  and  this  value 
was  used  tc  reproduce  the  same  bending  and  stress  levels  in  other  speci¬ 
mens  of  the  group.  Protective  coatings  were  applied  to  the  fixtures. 

In  the  Allegheny  L.udlum  tests,  the  strip  specimens  were  bent  over  a 
center  support  in  the  test  assembly.  The  specimens  were  bent  by  tightening 
the  bolts  and  nuts  at  the  ends  of  the  jig  until  the  desired  strain,  measured 
by  a  strain  gage,  was  produced  at  the  center  of  the  specimens.  Each  speci¬ 
men  was  insulated  from  the  jig  assembly  by  Teflon  tape  and  washers.  This 
fixture  is  illustrated  in  Figure  ib. 

Preparation  of  Test  Specimens 

Many  factors  are  known  to  affect  the  reproducibility  of  stress  c-rrosion 
test  results.  One  of  these  is  the  condition  of  the  specimens  -~t  the  start  of  the 
tests.  In  all  of  the  programs  reported,  an  effort  was  made  to  prepare  speci¬ 
mens  carefully  and  reproaucibly,  with  a  uniform  and  clean  surface,  so  as  to 
minimize  erratic  corrosion  results  caused  by  variable  surface  conditions. 
There  were  some  differences,  however,  in  the  actual  steps  taken  to  prepare 
the  test  specimens.  The  procedures  used  are  given  below. 

U.  S.  Steel 

(1)  Specimens  sheared  from  sheet  stock  to  proper  width,  but 
longer  than  used  in  the  tests 

(Z)  Heat-treated  to  get  the  desired  properties 

(3)  Surfaces  ground  on  30-grit  dry  emery  belt  to  remove  scale 
and  visible  surface  defects 
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(-1)  Ground  on  120-grit  emery  r<r:» 

(5)  Cut  to  length  to  produce  the  desired  stress  after  bending 
;'j)  Degreased  in  trichiorethyienc  vapor 
(?)  Washed  in  distilled  water 

(8)  Rinsed  in  acetone 

(9)  Stored  in  desiccator  until  put  in  test. 

jinnee 

(1)  Specimens  cut  from  sheet  stock 

(2)  Machined  and  deburred 

(3)  Cleaned  in  inhibited  phosphoric  acid 

(4)  Rinsed  in  distilied  water 

(5)  Heat  treated  to  desired  properties 

(6)  Descaled  by  wet  grit  blast  to  a  surface  roughness  of 
25-30  microi.-.ches  rms. 


Korin  American  Aviation 


{1}  Specimens  sheared  oversize  (i-1/2  x  8-1/8  inches) 

11)  Alkaline  cleaned  and  coated  with  a  scale -inhibiting  com¬ 
pound  prior  to  heat  treatment 
{3}  Heat  treated 

(4)  Machined  to  1.000  ±0.  001  :<  8.  COO  ±0.001  inches 

(5)  Liquid  honed 

(6)  Passivated  by  immersion  m  4u  per  cent  nitric  acid  for 
1  hour  at  room  temperature. 


Allegheny  Ludium 


(1)  Specimens  sheared  from  sheet  in  the  desired  condition, 
to  a  size  suitable  for  meuntinr  in  the  jigs 

(2)  Machined  to  eliminate  edge  shear  effects 

(3)  Tempering  scale  removed  by  pickling  in  cold  dilute 
nitric-hydrofluoric  acid  solution. 

In  the  programs  where  the  specimens  were  bent  into  the  jigs  by  hand, 
the  specimens  were  handled  with  clean  canvas  gloves  to  avoid  contamination 
from  fingerprints,  or  other  sources.  No  data  are  available  that  permit 
evaluation  of  the  preparatory  systems  listed  above. 
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Test  Environments 


Salt  air,  marine-atmosphere  exposure  in  the  U.  S.  Steel,  Armco,  and 
Allegheny  Luulum  programs  were  conducted  at  the  80-  and  800-foot  lots 
(distance  trom  ocean)  at  Kure  Beach,  North  Carolina-  The  North  American 
A  .nation  specimens  were  exposed  in  a  20  per  cent  salt  fog  at  95  i  3  F  ac¬ 
cording  to  Federal  Test  Method  Standard  151(a),  and  in  a  cyclic  humidity 
rest,  MLL-E-5272  C,  to  simulate  an  extreme  tropical  climate-  The  details 
of  the  tauer  exposure  are  given  in  the  tables  of  test  results  later  in  the  re¬ 
port.  Allegheny  Ludlum  also  exposed  specimens  m  a  20  per  ent  neutral 
salt  spray-  Some  specimens  in  all  four  programs  were  exposed  to  the  out¬ 
door  atmospheres  existing  at  the  company  locations,  namely,  Monroeville 
and  3rackenridge,  Pennsylvania,  Los  Angeles,  California,  and  Middletown, 
Ohio-  The  conditions  were  described  as  being  mild  to  semiindastriai. 


RESULTS 

The  accumulated  data  for  each  class  of  alloys  from  all  of  the  sources 
reviewed  aas  been  assembled  into  tabular  form  to  facilitate  comparison  and 
discussion-  The  data  include  chemical  composition  of  the  alloys,  their  heal 
treatment  and  mechanical  properties,  exposure  conditions,  and  results.  A 
few  blank  spaces  in  the  tables  indicate  that  the  information  was  not  reported 
in  the  original  sources-  Also,  since  the  tests  were  conducted  by  four  differ¬ 
ent  companies,  there  were  seme  scattered  data  reported  that  did  not  fall 
readily  under  the  table  headings.  These  were  included  as  footnotes  to  the 
tables. 


Cold-Rolled  Austenitic  Stainless  Steels 

The  cola-rolled  austenitic  cf3-:ni<.cc  steels  arc  aartcaiii^  iwnx  urej- 
perature,  and  frequently  contain  small  amounts  of  delta  ferrite.  Very  high 
strengths  may  be  developed  during  cold  rolling,  by  a  combination  of  work 
hardening  and  transformation  of  the  austenite  to  martensite.  Usually  a 
stress-relieving  treatment  is  used  to  develop  the  best  combination  of  strength 
and  ductility.  The  chemical  composition  of  the  steels  tested  and  the  treat¬ 
ment  and  mechanical  properties  are  given  in  Tables  I  and  2.  The  results  of 
the  stress-corrosicn-cracidng  experiments  are  in  Table  3.  The  steels  at¬ 
tained  very  high  tensile  strengths,  ranging  from  about  185,000  psi  for  full- 
hard  AISI  301,  to  a  range  of  245,000  to  289,000  psi  for  the  extra-^xd  steels. 
The  data  in  Table  3  indicate  that,  in  general,  this  ciass  of  steels  is  very- 
resistant  to  stress-corrosion  cracking.  It  is  true  that  some  of  the  test  speci¬ 
mens  were  lightly  stressed  (less  than  50  per  cent  of  the  ultimate  tensile 
strength),  but  others  were  stressed  at  up  to  70  per  cent  of  the  tensile 
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strength-  The  tests  made  by  U-  S.  Steel  were  at  75  per  cent  of  the  yield 
strength-  Only  one  sample  in  the  entire  group  developed  a  crack  in  thr- 
mariiic--»unosphere  exposure.  This  cracked  after  347  days  at  the  80-foot  lot 
at  Kure  Beach  while  stressed  a;  202,000  psi.  T»o  others'  developed  a  crack 
in  the  laboratory  alternate-immersion  test  in  3-1/2  per  cent  salt  solutic-n 
after  3?  days.  Duplicates  did  not  fail  in  about  400  days,  and  it  was  suggested 
that  the  two  failures  after  only  39  days  may  have  been  abnormal,  caused  by  a 
superficial  nick  or  particle  of  roUed-ie  scale.  If  so,  it  emphasizes  the  need 
tor  care  in  faardliag  and  fabricating  these  high-strength  steels.  It  may  also 
be  noted  that  the  three  failures  all  occurred  on  specimens  cut  transverse  to 
the  direction  of  rolling.  There  is  no  apparent  evidence  to  indicate  whether 
this  is  significant. 
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The  other  alloys  in  this  group  were  in  the  U.  S.  Steel  tests  and  sad 
been  treated  to  produce  yield  strengths  ranging  from  215,  OOC  psi  to  264,000 
psi.  nhea  stressed  at  75  per  cent  of  their  yield  strength,  no  failures  oc¬ 
curred  during  240  days’  exposure  at  Kure  Beach. 


Semiaustenitic  Prrcipitati on-Hard enable 
Stainless  Steels 


The  semiaustenitic  prccipitalion-harcenable  stainless  steals  apparently 
nave  received  more  attention  than  the  others  covered  in  this  repi-'t,  and 
more  data  on  stress-corrc-sion-c  racking  data  are  available.  The  physical 
metallurgy  of  these  alloys  has  been  well  summarized  in  DMIC  Report  111.  H 
As  discussed  in  that  report,  the  alloys  have  achieved  popularity,  because 
they  can  be  fabricated  easily  in  the  annealed  condition,  and  then  hardened  to 
high  strength  levels  by  a  series  of  thermal  treatments.  The  hardening  mech¬ 
anism  consists  of  transformation  from  an  austenitic  to  a  martensitic  matrix. 


V 
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TABLE  3.  RESULTS  OF  STRESS -CORROSION  CRACKING  TESTS 


Alloy 

Source 
of  Data(a) 

Condition^ 

Direction 

Applied  Stress 

Per  Cent  of 

Tensile  Strength  1000  PSI 

A1SI  301 

USS 

Extra  hard,  stress  relieved 

Longitudinal 

75(0 

178.5 

AISI  301 

AL 

Full  hard 

Longitudinal 

10  to  70 

18.2-127.4 

AISI  301 

AL 

Full  hard 

Transverse 

10  to  70 

18.8-131.3 

AISI  301 

AL 

Full  hard,  stress  relieved 

Longitudinal 

10  to  70 

18.4-128.7 

AISI  301 

AL 

Full  hard,  stress  relieved 

Transverse 

10  to  70 

18.7-130.8 

AISI  301 

AL 

Extra  hard,  stress  relieved 

Longitudinal 

10  to  70 

25.  S-lol.3 

AISI  301 

>L 

Extra  hard,  stress  relieved 

Transverse 

1C  to  70 

28.9-202.2 

AISI  201 

USS 

Extra  hard,  stress  relieved 

Longitudinal 

75«> 

171.8 

AISI  202 

USS 

Extra  hard,  stress  relieved 

Longitudinal 

VjaO 

161.3 

USS  TENELON 

USS 

Extra  hard,  stress  relieved 

Longitudinal 

75(0 

179.3 

USS  17-5  MnV 

USS 

Full  hard,  stress  relieved 

Longitudinal 

75(f) 

177-198 

(a)  USS  -  U.S.  Steel  Corporation 


AL  -  Allegheny  Ludlum  Steel  Corporation. 

(b)  See  Table  2  for  details. 

(c)  20  per  cent  neutral  salt  spray. 

(d)  3-1/2  per  cent  NaCl  solution;  10-minute  immersion.  50-minutc  air  dry  cycle. 

(e)  Only  a:  70  par  rent  of  tensile  strength,  two  specimens  lor  each  condition. 

(0  For  cent  of  yield  strength. 

(g)  One  specimen  stressed  at  50  per  cent  of  tensile  strength  cracked  after  39  days. 

(h)  One  specimen  stressed  at  70  per  cent  of  tensile  strength  cracked  after  39  days. 

(i)  One  specimen  stressed  at  70  per  cent  of  tensile  strength  cracked  after  347  days. 
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ON  COLD-ROLLED  AUSTENITIC  STAINLESS  STEELS 


Number  of  Days  Exposure  Without  Failure 


Number  of  Kure  Beach,  Kure  Beach  Alternate  Atmosphere 

Specimens  SO -Foot  Lot  800-Foot  Lot  Salt  Spray(c)  Immersionfd)  Brackenridge,  Pa.(e) 


plus  some  precipitation  hardening  auring  aging  treatments.  Alloys  i7-7  PH 
ant  pH  15-?  Mo  are  hardened  in  above  manner,  but  AM  250  and  AM  335 
are  said  to  harden  mainly  by  the  austenite-to-martensite  transformation  fol¬ 
lowed  by  a  tempering  heat  treatment. 

The  chemical  composition  of  the  alloys  in  this  group  are  given  in 
Table  4,  and  the  details  of  the  heat  treatments  are  in  Table  5.  The  harden¬ 
ing  sequence  is  seen  to  include  an  austenite-conditioning  step,  during  which 
chromium  carbides  are  precipitated  from  the  austenite.  This  results  in 
raising  the  Ms  tempeiaturc  sufficiently  that  transformation  to  marts, -site  is 
more  readily  accomplished  in  the  subsequent  epe  rations,  "’'he  final  treat¬ 
ment  is  the  aging  step,  during  which  hardening  phases  are  precipitated  in  the 
alloy.  The  temperature  and  duration  of  the  aging  treatment  t?ill  have  some 
effect  on  the  size  and  distribution  of  the  precipitate  particles.  All  ef  these 
steps  combine  to  develop  the  mechanical  proper  ties  of  the  heat-treated  alloy. 
The  mechanisms  of  hardening  are  discussed  in  much  greater  detail  in  the 
report  mentioned  above.  (-) 
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Cold  rolling  is  also  used  to  produce  hardening  in  the  alloys  of  this 
group.  This  causes  die  austenite  to  transform  to  martensite,  and  the  alloy 
is  then  aged  or  tempered  to  develop  the  final  properties.  Alloys  in  the 
CK  900  and  SCCRT  conditions  have  very  high  tensile  and  yield  strengths,  hut 
it  should  be  noted  that  their  ductility  is  low.  The  properties  of  all  of  the  al¬ 
loys  tested  in  the  group  are  listed  in  Table  6. 


15 


T*m.F  S.  flPAT  TRFATMFHT  OF  THF  SFM1  AUSTENITIC  PRRCIPITATtON-HARDENABLE  STAINLESS  STEELS 


Alloy 

Condition 

Source  of 
Data<a) 

Austenite  Conditio, tins 

Ar e  or  Temper 

Temperature. 

F 

Time, 

minutes 

Temperature. 

Transformation  F 

Time. 

hours 

1  1  -V  i'H 

TH  1050 

USS 

1400 

90 

Cool  to  60  F  within  1  hr,  hold  30  min 

1050 

1-1/2 

TH  050 

USS 

1400 

90 

Cool  to  60  F  within  1  hr,  hold  30  min 

950 

1-1/2 

RH  950 

USS 

1750 

10 

Hold  8  hr  at  -100  F 

950 

1 

TI!  1C75 

NAA 

1400 

90 

Cool  to  32-60  F  within  1  hr,  hold  30  min 

1075 

1-1/2 

TH  1050 

Armco 

1400 

90 

Cool  to  60  F  within  1  lir.  hold  30  min 

1050 

1-1/2 

PH  950 

Armco 

1750 

10 

Hold  8  hr  at  -100  F 

950 

1 

CH  900 

Armco 

-- 

"• 

Cold  rolled  at  mill 

900 

1 

PH  15-7  Mo 

TH  1050 

USS 

1400 

90 

Cool  to  60  F  within  1  hr,  hold  30  min 

1950 

1-1/2 

RH  950 

USS 

1750 

10 

Hold  8  hr  at  -100  F 

950 

1 

RH  950 

NAA 

1750 

20 

Hold  5  hr  at  -110  F 

950 

1 

BCHT<b) 

NAA 

1625 

20 

Cool  to  1000  F  in  45  min,  air  cool  to 

900 

8 

room  temp.,  5  hr  at  -100  F 

TH  1050 

Armco 

1400 

90 

Cool  to  60  F  within  1  hr.  hold  30  min 

1050 

1-1/2 

RH  950 

Armco 

1750 

10 

Hold  8  hr  at  -100  F 

950 

1 

CH  900 

Armco 

-- 

— 

Cold  rolled  at  mill 

900 

1 

bCHT<b) 

Armco 

1675 

20 

Cool  to  1000  F  in  45  min,  cool  to  room 

temp,  8  hr  at  -100  F 

990 

24 

AM  350 

KCT  850 

NAA 

1710 

20 

3  hr  at  -  no  F 

850 

3 

BCHT<b) 

M  A  A 

1675 

20 

Cool  to  1000  F  In  45  min,  cool  to  room 

900 

24 

temp,  3  hr  at  -rOO  F 

AM  355 

SCT  850 

NAA 

1710 

20 

3  hr  at  -110  F 

850 

3 

BCHT<b) 

NAA 

1675 

20 

Cool  to  1000  F  in  45  min.  cool  to  room 

temp,  8  hr  at  -100  F 

900 

24 

CRT  850 

AL 

-- 

— 

Cold  tolled 

850 

— 

SCCRT  850 

AL 

*  “ 

Subzero  cooled,  cold  rolled 

850 

(a)  USS  -  United  Statea  Steel  Corporation 
NAA  -  North  American  Aviation.  Inc. 
Armco  -  Armco  Steel  Corporation, 

AL  -  Allegheny  Ludlum  Steel  Corporation 

(b)  DCHT  *  braze  cycle  heat  treatment. 
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Stress-Corrosion  Results  for  17-7  PH 


.Ml  of  the  stress-corrosion  data  that  have  been  reviewed  for  Alloy  17- 
7  PH  are  tabulated  in  Table  7.  Exposures  at  Kure  Beach,  in  a  20  per  cent 
salt  snrav .  to  a  cvciic  humidity  cycle,  and  io  semiindustriai  environments 
at  several  localities  were  evaluated.  No  failures  were  reported  for  exposure 
periods  of  350  to  730  days  at  any  of  the  three  semiindustriai  locations  in¬ 
cluded  in  the  tests.  The  applied  stresses  ranged  from  63,000  psi  to  243, uOO 
osi.  The  environments  were  described  as  mild  to  semiindustriai.  No  fail¬ 
ures  were  reoorted  in  a  few  tests  in  the  20  per  cent  salt  spray  or  in  a  cyclic- 
humidity  environment.  The  applied  stress  levels  in  these  tests  varied  from 
63,000  psi  to  126,000  psi. 

Exposure  to  a  marine  atmosphere  at  Kure  Beach,  however,  did  cause 
some  specimens  to  crack.  The  four  alloy  treatments  included  in  tse  tests 
were  TH  >050,  TH  950,  RH  950  and  CH  900.  It  is  interesting  to  note  that  the 
CH  900  specimens  stressed  to  143.000  and  214,002  ui:  did  not  tail  in 
746  da  vs 5  (‘xessure  to  the  marine  atmosphere.  Tnese  were  the  strongest 
aiiovs  tested  but  also  the  least  ductile.  The  resistance  of  17-7  PH  to  stress- 
corrosion  cracking  when  in  the  CH  900  condition  is  pronably  related  to  the 
fact  that  transformation  of  austenite  to  martensite  is  induced  by  cold  work 
rather  Than  by  a  heat  treatment,  in  the  latter  case,  precipitation  of  carbides 
at  grain  boundaries  may  result  in  the  development  of  corrosion-susceptible 
paths  that  favor  stress-corrosion  cracking. 

Examination  of  the  data  for  the  alloy  shows  how  difficult  it  is  to  make 
quantitative  evaluations  of  susceptibility  to  stress- corrosion  cracking.  In 
the  TH  1050  condition,  for  example,  7  out  of  27  specimens  stressed  to 
1 16.000  psi  (75  per  cent  of  the  yield  strength)  cracked  in  an  average  time  of 
21  days  whereas  the  other  20  did  not  fail  in  320  cays’  exposure  at  the  80- 
foot  lot  at  Kure  Beach.  In  a  test  at  the  800- foot  iot,  2  out  of  5  specimens 
stressed  to  151,000  psi  failed  in  an  average  i line  of  100  days,  while  the 
unfilled  specimens  were  exposed  for  a  total  time  of  746  days.  No  explana¬ 
tion  has  been  offered  for  the  wide  spread  in  exposure  periods  between  the 
specimens  that  cracked  and  those  that  did  not  crack.  In  a  second  heat  of  the 
Armco  steel  in  the  TH  1050  condition,  but  having  a  lower  yield  strength,  no 
failures  were  reported  for  746  days  on  specimens  stressed  to  134,000  psi. 

Is  the  RH  950  condition  most  of  the  specimens  stressed  at  90,  75,  and 
50  per  cent  of  the  yield  strength  (183,000  to  102,000  psi)  failed  on  exposure 
at  Kure  Beach.  The  exposure  periods  to  failure  ranged  from  2  to  116  days, 
depending  on  the  stress  level  and  conditions  of  exposure.  Here  again,  the 
specimens  that  did  not  fail  withstood  exposures  of  380  days  at  the  80-foot 
lot  and  746  days  at  the  300-foot  lot.  In  the  RH  950  condition  the  ail oy  is 
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somewhat  stronger  and  less  ductile  than  in  the  TK  1050  condition,  and 
consequently  it  is  also  more  susceptible  to  stress-corrosion  cracking.  It 
should  be  noted  that  the  data  in  Table  7  does  not  permit  direct  comparison 
of  results  in  every  case  because  of  some  spread  in  the  mechanical  proper¬ 
ties  of  different  heats  of  the  same  alloy,  and  because  some  specimens  were 
cut  in  the  direction  of  rolling  and  -,-thers  in  the  transverse  direction.  Also, 
the  difference  in  the  severity  of  the  environment  at  the  two  Kura  Seach  lots 
should  be  considered  i:.  comparing  the  resuits  reported. 

A  few  tests  were  made  with  specimens  in  the  TH  ;0  condition.  Fail¬ 
ures  occurred  within  a  few  days.  ;-er.  on  the  specimens  stressed  to 
101,000  psi  (50  per  cent  of  the  yield  strength?. 

Summarizing,  17-7  PH  alloy  in  the  highest  strength  conditions  and 
high  applied  stresses  was  shown  to  be  susceptible  to  stress- corrosion 
cracking  in  a  marine  atmosphere.  The  susceptibility  is  not  solely  related 
to  the  strength  of  the  alloy  but  is  also  determined  by  the  heat- treatment 
procedure  used  to  obtai:  the  properties.  Some-  specimens  were  reported  to 
have  been  cut  parallel  tc  the  rolling  direction  and  others  transverse,  but  no 
direct  comparisons  of  the  effect  of  this  variable  were  made. 

Stress-Corrosion  Results  for  PH  15-7  Ma 

It  was  noted  earlier  in  the  report  that  the  cold- working  and  heat- 
treating  conditions  for  PH  15-7  Mo  were  the  same  as  those  for  17-7  PH. 
These  are  given  in  Table  5-  and  the  mechanical  properties  of  the  heats 
tested  in  corrosion  arc  in  Table  6.  Table  8  is  a  tabulation  of  the  accumu¬ 
lated  data  on  stress- corrosion  cracking  for  PH  15-7  Mo  treated  by  the 
common  procedures  and  by  simulated  brazing  neat- treatment  cycles.  Speci¬ 
mens  were  exposed  to  semiindustrial  atmosphe  -es.  at  the  SO-  and  S00- 
foot  lots  «i  rvurc  3 each ,  in  a  20  per  cent  salt  sp-^y,  and  in  a  cyclic  huiniuily 
atmosphere.  These  were  essentially  duplicates  of  the  tests  on  17-7  PH  just 
described.  However,  some  newer  work  by  Armco  and  North  Amcrir-n 
Aviation  is  included. 

The  results  show  that  the  alloy  in  the  TH  1050  is  quite  susccDtibie  to 
stress- corrosion  cracking  in  the  environment  of  the  80- foot  lot  at  Kurc 
3eaci.  A  large  percentage  of  the  specimens  stressed  to  60  and  75  per  cent 
of  their  yield  strength  were  reported  cracked  after  relatively  short  exposure 
periods.  No  failures  occurred  in  -*66  days  on  the  specimens  stressed  to  only 
4C  per  cent  of  the  yield  strength.  Just  as  with  17-7  PH,  however,  there  was 
a  wide  spread  in  exposure  times  between  those  specimens  that  oiu  ’’ail. 
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TABLE  8.  (Continued) 


Applied  Stress  Avenge 

Alloy  Source  PerCent  Number  Time  to 

and  of  of  Yield  of  Specimens _  Failure, 

Condition  Oanfa)  Strength  1000  PSt  Exposed  Failed  days 

Exposed  at  Kurc  Peach.  800-Fnot  I  nt  (Continued) 


PH  15-7  Mo,  RH  1050 

Annco 

1)0 

131 

Anuco 

00 

129 

Armco 

40 

88 

PH  15-7  Mo,  BCHT(<:) 

Armco 

60 

140 

Armco 

60 

140 

Armco 

40 

93 

Armco 

40 

94 

PH  15-7  Mo,  CH  900 

Armco 

75 

196 

Armco 

SO 

131 

Fr.pusud  to  Salt  Sq 

PH  15-7  Mo.  RH  950 

NAA 

80 

178 

NAA 

40 

89 

PH  15-7  Mo  BCMT(d) 

NAA 

80 

176 

NAA 

40 

88 

PH  15-7  Mo.  brazed(e) 

NAA 

40 

i’ll  15-7  Mo.  BCHT(f) 

NAA 

40 

.  . 

Exposure  Time 
of  Unfailed 
Specimens, 
days 


Direction 


-- 

466 

Transverse 

— 

466 

Transverse 

-- 

466 

Transverse 

236.2 

Transverse 

101.4 

-- 

Transverse 

-- 

466 

Transverse 

333 

466 

Transverse 

746 

Transverse 

-- 

746 

Transverse 

Longitudinal 

Longitudinal 

Longitudinal 

Longitudinal 


Cyclic  Humidity  Exporure  at  Relative  Humidity  of  OS  Per  Cent  or  1 
Heat  from  80-100  F  to  ICO  F  in  2  hours 
Hold  at  160  F  6  hours 
Cool  to  80-100  F  in  10  hours. 


PH  15-7  Mo.  RH  950 

NAA 

80 

178 

3 

(1 

m  _ 

NAA 

60 

134 

3 

m  m 

NAA 

40 

89 

3 

u 

— 

PII  16-7  Mo,  BCHT<d> 

NAA 

80 

176 

3 

l<8> 

5U 

NAA 

40 

88  3 

Atmospheric  Exr 

0 

losure 

•• 

PH  15-7  Mo,  Til  1050 

ArmcoW 

90 

186 

- 

0 

.  . 

PH  16-7  Mo,  RH  960 

Armct/1) 

90 

198 

0 

NA*<J) 

80 

17H 

3 

0 

naa(J) 

60 

134 

3 

0 

NAA<J> 

40 

89 

3 

0 

-- 

PH  10-7  MoCH  900 

ArmcoW 

75 

196 

5 

0 

ArmcoO) 

60 

131 

5 

0 

.  . 

PH  13-7  Mo,  BCHT<d> 

NAA(J) 

80 

176 

3 

l(g> 

100 

NAA<J> 

40 

88 

3 

0 

PH  10-7  Mo  brazed 

naa<J> 

40 

-• 

• 

0 

.  . 

PH  16-7  Mo  DCHTfO 

naa<J> 

40 

m  m 

0 

Footnotes  appear  on  the  following  page. 
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and  those  that  did  r.ot  fail.  In  the  groups  included  failed  specimens, 

20  of  27  specimens  failed  after  exposure  periods  of  16  to  182  days.  Of  the 
•anfaiied  specimens,  three  were  exposed  for  2-30  days  and  four  for  4o6  days. 
The  data  in  Table  S  show  that  different  heats  treated  to  the  same  strength 
level,  arid  exposed  at  equal  stresses,  show  a  wide  variation  in  average  times 
to  failure,  7!  to  1S2  days  in  one  instance.  Evidently,  tr-e  induction  period, 
during  which  corrosion  and  crack  formation  take  place,  varies  considerably 
between  replicate  spe  :im*-ns  within  a  heat  and  also  between  similar  heats. 

At  the  SOO-foot  lot  at  Kure  Beach,  no  failures  were  reported  on  PH  15- 
7  Mo  specimens  exposed  for  a  total  of  466  days.  This  included  15  specimens 
■^tressed  at  60  per  cent  Oi  the  yield  strength  {applied  stress  about  125,000  psi). 
Duplicates  exposed  at  the  80-foot  lot  had  shown  numerous  cracking  failures, 
which  is  a  measure  of  the  difference  in  corrosiveness  of  the  two  exposure 
environments,  in  an  earlier  test,  8  of  10  specimens  of  PH  15-7  Mo,  TH  1C50 
stressed  to  75  per  cent  of  the  yield  strength  were  cracked  after  exposure  at 
the  SOO-foot  lot.  Here  again  the  average  time  to  failure  ranged  from  40  to 
103  days,  and  the  unfailed  specimens  withstood  746  clays'  exposure. 

PH  15-7  Mo  in  the  RH  950  condition  appears  to  be  quite  susceptible  to 
stress-corrosion  cracking  in  the  marine  environment  at  the  80-foot  lot  at 
Kure  Beach.  Many  of  the  specimens  in  this  condition  failed  during  the 
course  of  the  tests,  at  all  stress  levels.  Average  time  to  failure  ranged 
from  12  days  for  the  most  highly  stressed  group  of  specimens  to  173  days 
at  lower  stresses.  The  most  resistant  specimens  were  those  tested  at 
40  per  cent  of  the  yield  strength  (applied  stress  of  about  S7.000  psi).  Even 
tinder  these  conditions,  most  of  the  specimens  cracked.  On  the  other  hand, 
*he  group  stressed  at  50  per  cent  of  the  yield  strength  {-Ci.COO  psi)  showed 
r.o  failures  curing  175  days*  exposure.  Perhaps  this  is  an  indication  of  a 
directional  effect  since  the  specimens  in  this  group  were  taken  in  the  di¬ 
rection  of  rolling. 

Some  specimens  of  Pli  l5-~  Mo,  RH  930  failed  at  the  SOO-foot  lot  at 
Kure  Beach-  Ore  specimen  stressed  at  S7.000  psi  {40  per  cent  of  yield 
strengths  failed  after  >46  days’  exposure,  while  at  higher  stress  level-  fail¬ 
ures  occurred  in  shorter  periods.  These  results  indicate  that  any  exposure 
.4  this  aliov  ir.  the  KH  °5G  -ondition  to  marine  atmospheres  should  he  at  rela¬ 
tively  low  stress  Isvels- 

Sjeciiatas  in  the  Rif  950  condition  at  stress  levels  from  89,000  psi  to 
173,000  pti  were  tiso  exposed  to  3  20  per  cent  salt-spray  solution  for 
42  days  and  in  the  cyclic  humidity  environment  for  51  days  without  failure. 

As  discussed  above,  large  percentages  of  similarly  stressed  specimens  failed 
in  a  sea-coast  environment-  At  similar  stress  levels,  failures  -»t  the 
SO- foot  lot  occurred  generally  in  shorter  periods  than  the  42  and  51  days 
listed  for  the  salt-spray  y-xi  3u»mi-lity  cycles.  This  might  indicate  that  the 
Kure  Beach  environment  is  more  harmful,  but  perhaps  other  factors  also 
nlav  a  uart  in  <hc  results. 


« 


A  few-  tests  were  made  on  FH  15-7  Mo  in  the  RH  1050  condition.  Speci¬ 
mens  in  this  condition  were  more  resistant  than  in  the  RH  950  conditions  at 
both  the  30-  and  300-foot  lots.  At  the  latter  site,  none  of  the  RK  1050  speci¬ 
mens  failed  in  466  days’  exposure.  At  the  80-foot  lot,  the  RK  1050  conditicr 
showed  somewhet  better  resistance  than  the  TH  1050  condition.  This  might 
be  expected  on  the  basis  that  the  RH  1050  structure  would  have  fewer  carbides 
precipitated  at  the  grain  boundaries,  and  somewhat  reduced  tendency  to  inter¬ 
granular  attack. 

A  few  specimens  of  FH  15-7  Mo  in  the  CH  900  condition  were  exposed 
at  Kure  Beach.  Very  high  strength  is  developed  during  cold  rolling  rather 
than  by  beat  treatment,  so  carbides  are  not  precipitated  at  the  grain  bound- 
art  *s.  No  failures  occurred  on  exposure  for  746  days  at  stress  levels  of 
i 3 1,000  and  196,000  psi. 

The  final  test  treatment  was  designated  as  BCHT,  i-  e.  ,  braze-cycle 
beat  treatment.  This  is  intended  to  simulate  the  conditions  that  prevail  cur¬ 
ing  brazing  of  the  alloy.  The  cycles  used  at  Armco  and  North  American 
Aviation  are  given  in  Table  5.  The  austenite  conditioning  step  at  1625  or 
1675  ?  will  cause  some  carbides  to  precipitate,  probably  more  than  at  the 
standard  1750  F  temperature  and  less  than  at  the  1400  F  temperature  used  to 
form  the  T  co.idition.  Additional  carbide  precipitation  may  occur  during  the 
cooling  to  1090  F  in  45  minutes.  However _  subzero  cooling  is  required  in 
each  case  to  transform  the  austenite,  and  further  strength  is  attained  by 
precipitation  hardening-  According  to  Table  6,  the  Armco  treatment  using 
the  1675  F  conditioning  step  and  a  24-hnur  aging  at  900  F,  resulted  in  a  some¬ 
what  stronger,  but  less  ductile,  condition  than  the  North  American  treat¬ 
ment.  in  the  latter,  the  conditioning  temperature  was  1625  F.  and  the  aging 
treatment  was  conducted  at  900  F  for  8  hours. 

A  direct  comparison  of  the  effect  of  these  treatments  on  the  suscepti¬ 
bility  to  stress  corrosion  was  not  possible,  because  the  specimens  were  ex¬ 
posed  in  different  environments.  Twenty  specimens  of  twenty  with  the  Armco 
ECHT  treatment,  at  stress  levels  of  from  93,000  to  140, CCS  psi,  failed  after 
relatively  short  exposure  at  the  80-foot  lot  at  Kure  Beach.  At  the  83**-fo«n 
lot,  13  of  20  specimens  failed.  Failures  also  occurred  in  the  salt  spray  on 
the  North  American  Aviation  BCHT  specimens  in  the  highly  stressed  condi¬ 
tion  but  not  at  lower  stresses  (88,000  psi}.  Here  again  the  total  exposure 
time  was  only  42  days  as  compared  with  466  days  on  the  specimens  exposed 
at  Kure  Beach.  A  comparison  with  North  American  Aviation  specimens  in 
the  RH  950  condition,  exposed  to  the  salt  spray,  indicates  that  the  BCHT 
treatment  results  in  greater  stress-corrosion-cracking  susceptibility,  but 
this  conclusion  is  based  only  on  very  limited  testing.  Specimens  ;r»  the 
North  American  BCHT  condition  were  also  exposed  to  the  cyclic  humidity 
environment  for  51  days.  One  specimen  cracked,  but  this  was  att-abuted  to 
improper  cleaning  following  the  heat  treatment. 

Atmospheric  exposure  at  Middletown,  Ohio,  for  periods  up  to  2  years, 
has  not  resulted  in  any  stress-corrosion  cracking  failures  on  PH  15-7  Mo  in 


the  TH  1050.  R!1  950  yr  OK  900  conditions.  Other  tests  in  the  Los  Angeles 
atmosphere  are  still  in  progress,  with  no  failures  reported. 

Stress-Corrosion  Results  for  AM  350 
AM  355 

These  alloys  are  similar  to  17-7  PH  and  PH  15-7  Mo,  both  in  mechan¬ 
ical  and  thermal  treatments  and  in  strength  Drone rties.  A  discussion  cf  the 
physical  metallurgy  of  the  alloys  may  be  found  in  DMIC  Report  1 1 1'--  and  in 
a  paper  by  LulaH). 

The  stress-corrosion-c  racking  properties  of  AM  355  in  the  CRT  and 
SCCRT  conditions  were  examined  by  Allegheny— Ledlum  Corporation.  The 
data  tabulated  in  Table  9  were  taken  from  a  preliminary  report  issued  in 
1959-  A  few  additional  data  on  AM  350  and  AM  355  in  the  3CT  cond'tion  and 
also  treated  by  the  bract  -cycle  treatment  (3CHT)  from  North  American 
Aviation  tests  are  included  In  Table  9. 

The  chemical  composition,  heat  treatments,  and  mechanical  properties 
of  the  alloys  are  given  in  Tables  4,  5.  and  6,  respectively.  It  will  be  noted 
that  strengths  up  to  about  300. COO  psi  nere  developed  by  the  SCCRT  treat¬ 
ment  on  AM  355.  Two  different  heats  of  AM  355.  CRT  were  treated  to  pro¬ 
duce  markedly  different  properties.  These  should  be  noted  because  the  re¬ 
sults  of  stress-corrosion  cracking  also  were  different.  The  designation 
"CRT  850"  docs  not  distinguish  the  ciffei  =.-.ce  ir  th*-  two  heats. 

In  the  Allegheny  Ledicm  tests,  specimens  were  stressed  at  10,  35,  50 
and  70  per  ce«t  of  the  ultimate  tensile  strengths.  A  glance  at  Table  9,  shows 
that  no  failures  occurred  in  any  exposure  at  the  two  lower  stress  levels.  At 
the  SC-foct  lot  at  Kure  Beach,  specimens  from  the  higher-strength  heat  of 
AM  355,  CRT  850  (tensile  strength  238,000  psi)  failed  at  both  50  and  70  per 
cent  of  the  tensile  strength,  whereas  those  from  the  lower  strength  heat 
{tensile  strength  2:0,o€ 5  psi)  did  nor  fail  in  321  days’  exposure  at  any  stress 
level.  At  the  800  foot-tot,  spec -mens  from  both  beats  failed,  when  stressed 
to  ?Q  per  cent  of  the  tensile  strength.  explanation  was  given  to  account 
for  the  failure  c?  one  specimen  at  the  SOO-soot  let,  vewts  duplicates  at  fee 
more  severe  30-fcot  lot  did  not  fail.  Expo  mre  to  salt  sprrv  also  resulted  in 
cracking  of  specimens  fr-'m  the  higher  strength  heat  whereas  the  lower 
strength  specimens  did  net  fail.  At  the  70  per  cent  s' res  s  level,  one  speci¬ 
men  failed  in  one  day,  and  its  duplicate  did  not  fatl  in  319  rays,  it  was  noted 
that  similar  experiences  at  U-  S.  Steel  were  attributed  To  probability  effects. 
Specimens  of  both  heats  or  AM  355,  CRT  850  stressed  tc  70  pet  cent  the 
tensile  strength  and  exposed  to  the  atmosphere  at  3  reckon  ridge  "••i  not  failed 
after  131  and  321  days,  respectively. 

In  she  SCCRT  350  condition,  failures  occurred  only  at  the  80- ft  lot  at 
Kure  Beach,  on  specimens  stressed  3t  53  and  70  per  cent  o'  their  tensile 
strength.  Since  the  alloy  in  this  condition  is  very  strong,  the  applied  stress 
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TABLE  3.  RESULTS  OF  STtSSS<CKaCK2GN-C?ACia?«  TESTS 
ON  AUCTS  AM  353  AKD  AM  355 
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TABLE  0.  (Continued) 


Applied  Stress _ 

Per  Cent  of  Exposure  Tirre 

Alloy  Source  Ultimate  Number  of  Average  Time  of  Unfailed 

and  of  Tensile  or  Specimens  to  Failure,  Specimens, 

Condition  Pata(a)  Yield*  Strength  1000  PSI  Exposed  Failed  days  days  Direction 


Cyclic  Humidity  Exposure  at  Relative  Humidity  95  Percent  or  Higher 
Heat  from  80-100  F  to  160  F  m  2  hours 
Hold  at  160  F  C  hours 
Cool  to  80-100  F  in  16  hours 


AM  355.  SCT  850 

NAA 

SO* 

150 

3 

3 

12 

— 

Longitudinal 

NAA 

60* 

113 

3 

13 

52(g*h> 

Longitudinal 

NAA 

40* 

75 

3 

n 

2<*8) 

51 

Longitudinal 

AM  355,  BCHT 

NAA 

80* 

150 

3 

0 

55*h> 

-- 

Longitudinal 

NAA 

40* 

06 

3 

0 

52(h) 

-- 

Longitudinal 

AM  350,  SCT  850 

NAA 

SO* 
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3 

3 

12 

-- 

Longitudinal 

NAA 

60* 

105 

3 

3 

13.5 

-- 

Longitudinal 

NAA 

40* 

70 

3 

i(8) 

14 

51 

Longitudinal 

AM  350,  BCHT 

M  A  A 

80* 

136 

3 

3 

i  n 

it 

-- 

Longitudinal 

NAA 

40* 

68 

3 

0 

5^h> 

Longitudinal 

•  Indicates  percentage  of  tensile  yield  strength. 

(a)  AL  -  Allegheny  iuidlum  Steel  Corporation 
NAA  -  North  American  Aviation,  Inc. 

(h)  Heat  35526. 

(c)  Heat  35806. 

(d)  Atmospheric  exposure  at  Biackcuridge,  Pennsylvania. 

(e)  Atmospheric  exposure  at  Los  Angeles,  California. 

(0  Test  still  in  progress. 

(g)  Specimens  not  properly  descaled  after  heat  treatment. 

(h)  Specimens  partially  fractured. 
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was  over  200.000  psi  on  some  specimens.  No  failures  occurred  at  the 
SOO-fcot  let  or  in  the  20  per  cent  salt  spray.  These  specimens  were  all  cut 
longitudinally .  i.  c.  ,  in  the  direction  of  rolling.  A  strong  directional  effect 
was  revealed  in  the  salt  spray.  Specimens  that  were  cut  transverse  to  the 
direction  of  rolling  cracked  very  quickly,  even  at  an  applied  stress  of  abcut 
10C, SCO  psi.  This  effect  was  also  observed  in  the  atmospheric  exposure  test. 

AM  355  in  the  SOT  S50  condition  was  evaluated  in  the  North  American 
tests.  In  lit  I »  condition,  the  alloy  had  ?  yield  sttength  of  about  190,000  psi. 
The  data  in  Table  9  show  that  the  alloy  in  this  condition  is  strongly  suscepti¬ 
ble  to  stress-corrosion  cracking.  Failures  occurred  in  all  three  environ¬ 
ments,  even  at  the  lower  stress  levels  of  40  per  cent  of  the  yield  strength 
{75,000  psi}.  This  is  probably  related  to  carbide  precipitation  during  the 
L- anneal ,  which  conditions  the  austenite  so  that  complete  transformation 
will  occur  during  subzero  cooling.  Carbides  are  precipitated  at  the  grain 
boundaries,  which  presumably  results  in  corrosion- susceptible  paths.  A 
comparison  of  the  results  of  atmospheric  exposure  tests  for  the  CRT  850 
and  the  SCT  conditions  at  comparable  stress  levels  shows  that  specimens  in 
the  SCT  condition  are  susceptible  to  cracking,  whereas  these  in  the  CRT  850 
condition  were  not-  Exposures  were  at  different  locations,  hut  it  is  probable 
that  transformation  by  cold  rolling  (CRT)  occurred  without  the  precipitation 
oi  carbides  at  the  grain  boundaries  (as  in  the  SCT  condition) .  and  therefore 
resulted  in  a  structure  less  sasceptible  to  stress-corrosion  cracking. 

The  braze-cvcle  heat  treatment  (DCiTJ  which  includes  the  slow  cooling 
from  1675  F  to  JC00  F,  resulted  in  slightly  lower  properties  (yield  strength 
166,000  psi).  The  alloy  ir.  this  condition  was  also  susceptible  to  cracking. 
Based  on  the  reported  data,  the  times  to  failure  were  slightly  longer  than  for 
the  a ’ley  in  the  SCT  S50  condition.  However,  they  were  of  the  same  order 
of  magnitude,  and  the  differences  may  nos  be  significant. 

The  North  American  A-.-iation  program  also  included  tests  on  AM  350, 
SCT  859  and  AM  350,  BCKT.  The  results  were  similar  to  those  with 
AM  355,  and  the  same  comments  apply. 


Martensitic  and  Martensitic  Precipitation- 
Hardenable  Stainless  Steels 


In  these  two  classes  of  steels,  the  austenitic  structure  is  transformed 
to  martensite  during  cooling  to  room  temperature  from  the  annealing  tem¬ 
perature-  High  strength  is  developed  by  subsequent  tempering  o* 
precipitation-hardening  treatments.  Three  steels,  one  martensite 12MoV, 
and  two  martensitic  precipitation  hard  enable ,  Stainless  W  and  17-4  PH,  nave 
been  tested  for  susceptibility  to  stress-corrosion  cracking.  The  chemical 
compositions  of  the  steels  tested  are  given  m  Table  10,  and  the  details  of  the 
beat  treatments  and  mechanical  orotwri-es  are  in  Table  II. 
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TAii  10.  CHEMICAL  COMPOSmC.X  OF  THE  MASTEJJSITJC  AXD  MARTENSITIC 
HSCITT.VnOX  -HASDEXASLE  STAINLESS  STEELS 
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Sir-iss-corrosion  data  for  the  12  MsV  and  Stainless  «  grades  *ere 
taken  trom  the  U.  S.  Steel  report1-^,  and  those  for  17—5  PH  sheet  are  pre¬ 
liminary  data  from  incomplete  tests  being  conducted  by  Armco.  The  results 
are  tabulated  in  Table  12. 


The  data  in  Table  1 1  show  that  the  heat  treatment  selected  for  12  MoV 
alloy  resulted  m  high  strength.  The  yield  strength  was  over  205,000  psi, 
and  corrosion  tests  at  Kure  Beach  (80-foot  lot)  were  carried  out  at  50  and 
75  per  cent  of  the  yield  strength.  12  MoV  alloy,  in  the  condition  tested,  is 
strongly  susceptible  to  stress-corrosion  cracking.  This  was  also  the  con¬ 
clusion  from  atmospheric -exposure  tests  at  Monroeville,  where  45  of 
45  specimens  (at  75  per  cent  of  the  yield  strength}  failed  after  an  average 
exposure  period  of  5  days.  Additional  work  has  shown  that  the  alloy  was  not 
susceptible  to  stress-ccnresion  crac.-cmg  when  tempered  at  1100  or  1200  F. 
Under  these  conditions,  however,  the  yield  strength  was  reported  to  be 
i  a i,u0G  psi,  considerably  lower  than  that  vLiained  by  tempering  at  9CG  F 

Stainless  7/ ,  was  also  hardened  to  a  yield-strength  level  of  abc*'* 

200, GOO  psi.  The  hardening  mechanism  in  this  case  was  by  precipitation  of 
compounds  of  titanium  and  aluminum  within  the  martensitic  structure  during 
the  aging  treatment.  Exposure  at  Kure  Beach  at  50  to  90  per  cent  of  the 
yield  strength  resulted  in  failures  within  relatively  sbc-it  perii~lr.  Danng 
outdoor  exposure  at  Monroeville,  however,  no  failure  occurred  over  a  period 
of  520  days.  Thus,  at  high  strength  levels.  Stainless  W  appears  to  be  some¬ 
what  more  resistant  than  12  MoV. 

The  data  shown  for  alloy  17-4  PH  are  for  tin-  material  in  thin  sheet 
form  which  has  not  been  available  heretofore.  Specimens  were  cut  from 
0.  050-inch  sheet.  The  high  strength  in  this  alloy  is  developed  during  the  ag¬ 
ing  step,  which  causes  precipitation  of  compounds  within  the  martensite. 
Aging  at  500  F  resulted  in  tensile  strengths  of  slightly  over  200,000  psi  with 
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TABLE  11.  HEAT  TREATMENT  AND  MECHANICAL  PROPERTIES  OP  THE  MARTENSITIC  AND  MARTENSITIC 
PRECIPITATION -HARDENABLE  STAINLESS  STEELS 


Alloy 

Source 

of 

Da:*(a) 

Heat  Treatment 

Austenitize 

or 

Solution  Treai  Tempered  or  Aued 

Temperature,  Time,  Temperature,,  Time, 

F  minutes  F  hours 

Yield 
Strength, 
1000  psi 

Tensile 
Strength, 
1000  psi 

Elongation 
in  2  Inches, 
per  cent 

12  MoV 

USS 

1850 

15 
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4 
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10.5 

Stainless  W 

USS 
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15 
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0.5 

201 
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7.2 

17-4  PH 

Armco 
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10 
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9 
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10 
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17-4  PH. 

Arinco 

1000 

10 

900 

1 

133.0 
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6 

and  age 
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153.3 

161.1 

7 
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10 

1150 
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n  r 

1*0 

(a)  USS  -  U.  S.  Steel  Corporation 
Armco  -  Armco  Steel  Corporation 
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T/.S£  12.  REC-JLTS  OF  STHcSS-COR^ON-ChACKING  TESTS  CN  THE  MAPTENSITIC 
A  NO  iiAA .  ENSIT1 C  fSSClHTA  nOK  .  USDSKABLe  STAUOSSS  STEELS 
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5 

0 

— 

It*4  rr:,  H  1075 

Araco 

SO 

133.4 

5 

0 

— 

y* 

Asawo 

75 

115.4 

5 

0 

— 

322 

ITS  hi,  H  iisS 

Aaco 

so 

127.4 

5 

0 

— 

332 

Aaaeo 

75 

97.9 

5 

A 

— 

w 

Sd=!x  Trsxied. 

Veiled.  *ai  Acsd 

IT  4  o  >w 

Aiaco 

90 

IS*.': 

5 

5 

30 

— 

Araca 

75 

137.3 

5 

5 

5i 

— 

17-4  Si.  K  1025 

Arasco 

90 

Vfi.7 

0 

— 

322 

Arsnco 

75 

120.5 

5 

0 

— 

IT  “4  JH*  H  iv75 

Arrsce 

a- 

133.0 

5 

0 

-- 

322 

Aaw 

75 

112.5 

5 

0 

— 

322 
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TABLE  12.  (Continued) 


Alloy 

and 

Condition 


Source 

of 

Datal3) 


_ Applied  Stress _ 

Per  Cent  of 

Yield  Strength  10CC  PS1 


Number  of 
Specimen! 
Exposed  Palled 


Average  Time 
to  Failure, 
days 


Exposure  Time 
of  Unfailed 
Spec  i.nens, 

day. 


Exposed  at  Kure  Peach.  ttO-Foot  Lot  (Continued) 


Solution  Treated,  Welded,  and  Aged  (Continued) 


17-4  PH.  H  1150 

Armco 

90 

1C3.9 

5 

0 

322 

Armco 

75 

Of*  r 

0 

0 

-- 

322 

Atmospheric  Exposui 

re(0 

12  MoV 

USS 

76 

153.8 

45 

45 

5 

-- 

Stainless  W 

USS 

75 

150.8 

7 

0 

— 

520 

(a)  USS  -  U.  S.  Steel  Corporation 
Armto  -  Armco  Steel  Corporation. 

(b)  Average  of  three  specimens,  or  more. 

(c)  Atmospheric  exposure  at  Monroeville,  Pennsylvania. 

Data  on  17-4  Fll  arc  preliminary  results  from  incompleied  tests. 
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a  yield  strength  of  about  180,000  psi.  Other  aging  treatments  at  higher  tem¬ 
peratures,  up  to  1150  F,  resulted  in  correspondingly  lower  strengths. 

St  res  s  -r;  o  r  ro  s  ion  -  c  racking  tents  at  Kure  Ilcach  (80-foot  lot)  are  being  made 
on  both  ordinary  specimens  and  welded  specimens  at  90  and  7b  per  cent  o:: 
the  yield  strength.  The  composition  of  the  weld  wire  was  the  same  as  that 
of  the  test  material  (see  Table  10).  After  welding,  one  set  of  specimens  was 
solution  treated  before  aging,  to  reduce  or  eliminate  nonuniform  strains  or 
precipitation  in  the  adjacent  metal.  It  would  be  expected  that  this  should  re¬ 
sult  in  a.  more  uniform  response  to  the  subsequent  aging  treatment.  The 
other  group  was  solution  treated,  welded,  and  aged.  Heat-treating  scale  was 
removed  by  grinding  or  wet  blasting  with  alumina  grit  and  Pangbornite. 

After  exposure  for  322  days,  no  failures  had  occurred  in  the  unwelded  speci¬ 
mens  at  any  stress  level.  In  an  earlier  test,  three  out  of  five  specimens 
cracked  in  322  days  ,  when  stressed  at  90  per  cent  of  the  yield  strength.  The 
other  two,  and  a  group  stressed  at  75  per  cent  of  the  yield  strength  did  not 
fail  in  560  days.  The  welded  specimens  in  the  II  900  condition,  and  not  solu¬ 
tion  treated  after  welding,  failed  within  a  relatively  short  time.  This  is  an 
indication  that  welding  is  responsible  for  some  change  in  structure  or  strain 
condition,  as  mentioned  above.  Solution  treatment  after  welding  was  bene¬ 
ficial,  but  it  did  not  prevent  failure  of  the  H  900  specimens  after  a  some¬ 
what  longer  period  of  exposure.  No  failures  have  occurred  in  the  welded 
specimens  aged  at  1025,  1075,  and  1150  F. 

On  the  basis  of  these  incomplete  tests,  17-4  PH  sheet  material  shows 
good  resistance  to  stress-corrosion  cracking  in  a  marine  atmosphere. 
Welding  of  the  alloy  in  the  highest  strength  condition  (H  900)  reduced  the 
resistance  to  cracking.  The  standard  solution  heat  treatment,  following 
welding,  apparently  does  not  completely  restore  the  resistance  to  stress- 
corrosion  cracking  of  material.  Therefore,  in  stress-corrosion  environ¬ 
ments  it  would  appear  to  be  safer  to  use  material  aged  at  higher  tempera¬ 
tures,  if  the  lower  strength  achieved  under  these  conditions  is  acceptable. 


DISCUSSION  OF  RESULTS 


Most  of  the  comments  about  the  results  have  already  been  made  in  the 
discussion  of  each  class  of  alloys.  From  a  general  standpoint,  it  is  appar¬ 
ent  that  the  need  for  atress-corrosion-cracking  data  for  the  high  strength 
stainless  steels  has  been  recognized,  and  experimental  work  has  been  started 
to  provide  such  information.  A  reliable  evaluation  of  the  susceptibility  to 
stress-corrosion-cracking  of  a  material  involves  the  consideration  of  many 
variables,  and  consequently  a  large  amount  of  time-consuming  experimental 
work.  Therefore,  it  has  been  emphasized  that  most  of  the  experimental 
programs  to  evaluate  the  susceptibility  of  the  high  strength  stainless  steels 
to  stress-corrosion  cracking  are  still  in  progress,  and  that  the  data  reported 
here  should  be  considered  preliminary  in  nature.  Furthermore,  correlation 
of  these  experimental  results  with  actual  service  performance  has  not  been 


established  as  }et-  X'iie  fact  that  crackieg  has  occurred  under  some  experi¬ 
mental  conditions  docs  not  mean  that  the  aiiov  will  crack  under  all  service 
conditions.  It  is  an  indication,  however,  that  such  an  alloy  should  be  used 
with  due  regard  to  environmental  and  stress  conditions  that  may  exist  in  the 
intended  service. 

Tabulations  of  the  results  of  tests,  such  as  u»sc  Included  in  this  re¬ 
port,  help  to  visualize  in  a  general  -i»  what  has  been  done,  and  to  point  ont 
where  additional  work  may  be  required. 

The  results  of  tests  reported  to  date  are  given  in  Tables  3,  7,  8,  9, 
and  1Z.  These  show  that  the  majoiity  of  the  specimens  were  exposed  to  the 
marine  atmosphere  at  Kure  3each.  Laboratory  test*  icluded  the  salt  spray, 
alternate  immersion  in  a  salt  solution,  and  a  cyclic  aumidity  exposure.  Ex¬ 
posure  tests  in  semiindustrial  outdoor  atmosphere*  --"ere  made  at  the  loca¬ 
tions  of  the  companies  conducting  the  tests. 

Any  number  of  compaiisons  of  the  data  could  probably  be  made,  but 
at  this  stage  some  of  the  tests  are  incomplete .  and  in  other  cases  there  is 
no?  enough  information  available  to  account  for  the  wide  spread  observed  in 
limes  to  failure. 

It  is  to  be  expected  that  the  metallurgical  structure  developed  by 
thermal  treatment  or  mechanical  deformation  will  affect  the  results.  The 
CH  900  condition,  for  example .  resulted  in  the  highest  strength,  but  the 
alloy  was  immune  from  stress- corrosion  cracking.  This  may  be  related  to 
the  fact  that  condition  CH  900  decs  not  involve  heat  treatment  in  the  tempera¬ 
ture  range  at  which  carbides  wi  1  precipitate.  Therefore,  carbides  at  the 
grain  boundaries  would  not  be  expected  in  alleys  in  the  CH  900  condition. 

The  results  for  PH  15-7  Mo  are  somewhat  more  consistent  than  those 
for  17-7  PH.  Here  again,  the  allot  in  the  CH  900  condition  was  not  sus¬ 
ceptible  to  crocking  in  the  marine  exposure.  In  this  alloy  also,  the  RH  950 
condition  seems  tc  produce  a  more  susceptible  structure  tfcan  TH  1050- 
Cracking  occurred  on  the  RH  950  specimens  at  applied  stresses  as  low  is 
87,0G0  psi,  representing  only  40  per  cent  of  the  yield  strength.  At  similar 
stresses,  the  TH  1650  condition  did  not  c racX  bv  stress  corrosion.  It  would 
appear  from  these  results  that  the  extent  of  stress-corrosion  cracking  is  not 
determined  solely  by  the  presence  of  carbides  at  the  grass  bounda*-ies.  Such 
factors  as  the  -quantity  of  precipitate,  iu  dispersion  m  the  structure,  and  its 
composition  may  be  the  controlling  considerations. 

It  would  be  of  interest  to  study  the  effect  of  these  factors,  ac  well  as 
other  mic restructure!  details,  such  as  the  amount  of  retained  auitemte,  the 
presence  of  delta  ferrite ,  and  perhaps  the  carbon  content  of  the  martensite, 
on  the  stress -corrosion-cracking  properties  of  these  steels.  Of  course, 
other  variables  ihai  affect  results,  that  is,  specimen  preparation .  stressing, 
and  details  of  exposure,  would  have  to  be  controlled  and  taken  into  account 
in  such  an  investigation. 
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WORK  IN  PROGRESS 


The  results  of  the  stress-coirosion-cracking  tests  on  the  high-strength 
stainless  steels  that  have  been  assembled  in  this  report,  represent  a  good 
start  in  the  direction  of  providing  such  information  for  design  and  materials 
engineers  in  the  aircraft  and  missile  industries.  Some  useful  data  have  been 
accumulated.  However,  some  unexplained  lack  of  reproducibility  was  also 
evident  in  several  of  the  tests.  While  some  spread  in  corrosion  test  results 
is  expected,  enough  data  must  be  accumulated  to  attach  proper  significance 
to  it.  Therefore,  some  phases  of  the  programs  discussed  in  this  report  are 
being  continued.  Also,  several  new  programs  are  in  their  early  stages. 

It  has  often  been  emphasized  that  many  factors  may  influence  stress- 
corrosion-cracking  results.  Work  is  in  progress  to  standardize  every  phase 
of  the  tests  required  to  evaluate  semiaustenitic  precipitation-hardenable 
stainless  steels.  A  report  has  been  prepared(5)  in  which  every  detail  of 
specimen  preparation,  heat  treatment,  stressing,  exposure  to  laboratory- 
type  environments,  operating  conditions,  and  reporting  of  results  haB  been 
specified.  A  continuation  of  this  work  describes  the  details  of  ring-type 
specimens  for  testing  specimens  in  the  short  transverse  direction.  (6)  The 
work  so  far  in  both  of  the  programs  mentioned  has  been  concerned  with  the 
establishment  of  standard  procedures.  Testing  will  be  conducted  by  numer¬ 
ous  participating  aircraft  companies  and  by  Allegheny  Ludlum  and  Armco 
Steel  Corporations.  Salt-spray  and  alternate-immersion  exposure  tests  are 
planned  for  stressed,  strip  specimens  of  17-7  PH,  17-4  PH,  PH  15-7  Mo, 

AM  350,  and  AM  355.  Ring-type  specimens  for  some  of  these  alloys  are 
included.  Also,  some  specimens  of  AM  355  and  17-4  PH  will  be  exposed  to 
a  marine  atmosphere.  This  is  a  comprehensive  program  that  should  produce 
a  large  quantity  of  valuable  data. 

The  difficulties  of  translating  results  of  accelerated  stress-corrosicn- 
cracking  tests  into  expected  service  results  have  also  been  mentioned  before. 
A  comprehensive  program,  sponsored  by  Frankford  Arsenal,  has  been  in 
progress  for  about  1  year  at  Mellon  Institute,  Pittsburgh,  Pennsylvania,  and 
at  Aerojet-General  Corporation ,  Azusa,  California.  High-strength  materi¬ 
als,  including  AM  355  and  PH  15-7  Mo,  which  are  of  interest  in  this  report, 
will  be  tested  for  susceptibility  to  stress-corrosion  cracking  in  many  envi¬ 
ronments,  The  Aerojet-General  tests  will  be  in  environments  that  the  alloys 
encounter  during  fabrication  and  storage  of  missiles.  The  Mellon  Institute 
tests  on  the  same  heats  of  the  alloys,  will  be  made  in  synthetic  and  artificial 
environments.  The  work  on  these  two  programs  so  far  has  been  eoncorned 
with  procurement  of  materials,  checking  of  heat-treatment  procedures, 
determination  of  the  mechanical  properties  of  the  alloys,  preparation  of  ex¬ 
posure  facilities,  and  evaluation  and  development  of  the  stressing  procedures. 
Preliminary  stress-corrosion  tests  have  been  made  to  check  out  the  various 
steps.  Actual  testing  of  the  selected  alloys  will  probably  be  conducted  within 
the  next  12  months  and  should  result  in  valuable  comparisons  of  the  effect  of 
many  synthetic  and  natural  environments  on  stress-corropion  cracking. 
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As.oii-r«  co~.prehrr5ivt  stresa-corrosk'c-crackiRg  program  is  being 
toMMCied  by  the  National  Bureau  cf  Standards  for  the  Sartau  of  Neva! 
Weapons  The  prcclpitation-har  Tenable  stainless  steels  in  several  heat- 
treated  conditions  are  included  in  the  list  of  alloys  being  evaluated.  Bent 
beam  specimens  stressed  at  5 u.  90,  and  100  per  cent  of  the  yield 

strength  srere  expose'1  >  »  the  marine  atmosphere  at  Kure  Beach  -a  few 
months  ago. 

Additioi-.^J  work  has  also  been  done  on  AM  555  and  AM  350.  but  it  nas 
not  b=e-i  reported  yet.  The data,  along  edth  the  results  of  the  other  pro¬ 
grams  now  hi  progress,  should  be  cf  great  value  in  the  utilisation  of  high- 
strength  stainless  steels  at  the  high  stress  levels  desired  is  modern  aircraft 
and  missiles. 
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131  Design  Information  on  17-7  Pfl  Stainless  Steelr  for  Aircraft  and  Missiles.  September  23,  1960  (PB  151096 

Jl.00) 

138  Availability  and  Mechanical  Properties  of  High-SUengthSteel  Extrusions,  October  26,  1960  (PB  161097  11. 75) 

139  Melting  and  Casting  of  the  Refiactory  Me  tali  Molybdenum,  Columblum,  Tantalum,  and  Tungsten, 

November  18,  1960  (PB  161098  91.00) 

140  Physical  and  Mechanical  Properties  of  Commercial  Molybdenum-Bare  Alloys,  November  30,  I960 

(PS  151099  53.00) 

141  Titanium-Alloy  Forgings,  December  19.  1960  (PB  151100  S2. 25) 

142  Environmental  Factors  Influencing  Meult  Applications  in  Space  Vehicles.  December  27.  1960  (PB  151101 

$1.25) 

143  Hlgh-Stiength-Steel  Fnrglngr.  January  5.  1661  (PB  151102  11.75) 

144  Stress -Corralon  Cracking  •  A  Nontechnical  Introduction  to  the  Problem,  January  6,  1961  (PB  161103  $0.75) 

146  Deilgn  Information  on  Titanium  Alloys  for  Aircraft  and  Mlsalics,  January  10,  196J 

146  Manual  for  Beryllium  Prospectors.  January  IS,  1961  (PB  151105  $1.00) 

147  The  Factots  Influencing  the  Fracture  Characteristics  of  HIgh-Suengih  Steel,  February  6,  1961  (PB  1M 106 

$1.25) 

148  Review  of  Current  Data  on  the  Tensile  Properties  of  Metals  at  Very  Low  Temperatures.  February  14.  1361 

(PB  151107  $2.00) 

149  Brazing  fc:  Mich  Temperature  Service.  February  21,  1961  (PB  151108  $1,00) 

150  A  Review  of  Bending  Methods  for  Stainlea  Steel  Tubing,  March  2.  1961  (PB  151109  $1.50) 

111  Environmental  and  Metallurgical  Factors  of  Sticii-Cottosion  Cracking  In  HIgh-Sirritgth  Steels,  April  14.  1961 

(PB  151110  $0.75) 

152  Binary  and  Ternary  Phase  Diagrams  of  Ci.lumbfum.  Molybdenm,  Tantalum,  and  Tingsten.  April  23.  1961 

(AD  257733  $3. 50) 

153  Physical  Metallurgy  of  Nickel-Base  Superal'.oys,  May  5.  1961  (AD253041  $1.25) 

154  Evolution  of  Ultrahigh-Ssrength,  livdcnablc  Steels  for  Solld-Ptopellom  ftix act -Motor  Cares.  May  25,  1961 

(AD  257976  $1. 26) 

155  '""-'darion  ol  Tungsten,  July  17.  1961 

156  Design  Information  on  AM-350  Suinleis  Steel  for  Aircraft  and  Mlsalics,  July  28.  1961 

157  A  Summary  of  the  Theory  of  Fractute  in  Meult.  August  7,  1961 
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